Acute inhalation toxicity of cotton plant dusts. The number of free lung-cells was studied in guinea-pigs after acute exposure to extracts of various cotton dusts. A good correlation was found between the increase in number of leucocytes in the airways and the number of Gram-negative bacteria in the different dusts. Experiments using the Shwartzmann reaction and the Limulus titration test demonstrated a relationship between the content of different endotoxins in the dusts and the pulmonary reaction. A model for the acute exposure effects after exposure to cotton dust is proposed.
The relationship between exposure to cotton dust and the prevalence of byssinosis has been known for several years. As it at present does not seem to be feasible technically to eliminate the dust exposure in cotton plants completely, further knowledge about the causative agent in the dust is not only of scientific but of practical value.
It has previously been shown (Rylander and Nordstrand, 1974 ) that exposure to a water extract of cotton dust trash will increase the number of polymorphonuclear leucocytes in the airways of guinea-pigs. The maximum is reached after about 24 hours' exposure and the extent of the reaction is dependent on the dose.
It has also been demonstrated that the leucocyte reaction is related to the amount of bacteria in several organic dusts (Rylander, Nordstrand, and Snella, 1975a) . When cotton, hay, or jute were stored under humid conditions, an increase in the toxicity was found in cases where the amount of bacteria increased. In certain preparations, the presence of moulds prevented the increase of bacteria. After exposure to extracts of such preparations, no increase was found in the number of leucocytes in the airways. When different strains of bacteria found in the cotton dusts were tested in acute inhalation experiments it was found that certain Gram-negatives produced the largest reactions (Rylander, Snella, and Garcia, 1975b) , but other bacteria such as Bacillus subtilis and moulds did not influence the number of leucocytes in the airways. Gram-negative bacteria were later cultivated from all cotton plants and cotton dusts so far tested.
The present experiments were undertaken to study the relationship between the leucocyte reaction and the contamination with Gram-negatives in different types of cotton dusts. Animals were exposed to a water extract of the different dusts tested and the number of macrophages and leucocytes in the airways was determined 24 hours later. The total number of bacteria and the number of Gram-negatives was determined in the extracts. Additional experiments using the Shwartzmann reaction and the Limulus titration test were undertaken on certain samples selected during the first part of the study. The effects of alkaline and acid treatment of the extract were studied on one dust sample and a suspension of Gram-negative bacteria.
Materials and methods

Cotton plant material
Samples of bract from different geographical locations were used in the experiments. The bract was hand-picked before harvesting the cotton and micronized samples of different commercial bale cottons were obtained from 175 various places. Cotton was also picked directly from cotton plants without contamination of bract.
Gin mill trash was taken from a cotton gin. Other dusts were obtained from various locations in cotton processing plants.
All samples were stored in the laboratory before use (200, 15-30% relative humidity). One sample of bale cotton was stored in 37°C under 100% relative humidity for three months, after which it was left to dry in room air.
Preparation of extracts Water extracts were prepared from the different bracts and dusts by suspending 5 g in 60 ml sterile distilled water and shaking vigorously for 15 minutes. To prepare extracts from the cotton, 5 g was suspended in 60 ml water; it was then shaken and the liquid squeezed out. This liquid was again added to the cotton and the process was repeated five times. Control experiments demonstrated that no further increase in the number of bacteria in the liquid was obtained with additional washings.
The number of bacteria in the different extracts was determined by inoculating 0 5 ml of serial dilutions in ordinary agar and endoagar pour plates. The number of colonies was counted 24 hours after incubation at 37°C.
Treatment with acid and alkali The extract of one bract sample and a suspension of Enterobacter aerogenes were subjected to treatment with acid or alkali. HCI was added until pH 3 was reached. The preparation was then boiled for 30 minutes. For the alkali treatment the bract extract was diluted 1:10 in 1 M NaOH (pH 11-4). After boiling for 20 minutes and agitating for 24 hours, the extract was dialyzed against 0 9 % NaCL with frequent changes of this fluid for 48 hours. Control preparations were similarly treated without addition of NaOH.
Animals and exposures
Guinea-pigs weighing 250-400 g were used. They were of a breeding nucleus raised under infection-controlled conditions at the Institute for Tiersucht, Canton Hospital in Zulrich. They were kept under normal conditions before being used one to two weeks after delivery.
The exposures were performed according to a method previously used (Rylander and Nordstrand, 1974) . The extracts were placed in a Collison spray for aerolization and the aerosol was fed into an exposure chamber. The exposure lasted 40 minutes.
Determination of the exposure effect The number of free lung cells was determined 24 hours after exposure using the technique earlier described (Rylander, 1971) . The animals were killed intraperitoneally with an injection of sodium pentothal. After death a syringe was connected to the trachea and 10 ml of 09 Y% saline was gently flushed into the lungs and withdrawn. The same fluid was then flushed in again and withdrawn-the process was repeated 10 times altogether. Thereafter a sample of the fluid was transferred into a test-tube and stained. The preparation was studied under the microscope and the number of macrophages and polymorphonuclear leucocytes was determined. Differences between the average values from control and treated animals were evaluated using the Student's t test. Significant differences were given as P < 0-01 and P < 0-001.
Shwartzmann reaction
The presence of endotoxins in certain of the extracts studied was determined using the Shwartzmann reaction.
0-1 ml of the cotton extract was injected intradermally on the back of a rabbit. 24 hours later, 20 ug of LPS 026:B6 were injected intravenously together with 1 ml of a 2% solution of Evan's blue. The animals were killed 24 hours afterwards, the skin was removed, and the surface of the blue necrotizing zone at the intradermal injection site was measured from the inside.
Limulus titration Serial dilutions were prepared from the different bract extracts and 0-1 ml of Limulus lysate was added to 0-1 ml of dilution. The results were read after 1 hour of incubation at 37°C and reported as the last dilution giving a stable cloth formation before two successive dilutions giving a negative result.
Results
Altogether 138 animals were used in the study and 16 cotton dust samples were examined. An additional 50 animals taken from different batches of animals delivered served as controls. Table 1 shows the number of macrophages and leucocytes found in the pulmonary lavage fluid 24 hours after exposure to water extracts of the different cotton dust preparations. The table also shows the log number of total bacteria and Gramnegatives per ml extract, and demonstrates that most of the bacteria found on the dust samples were Gram-negatives. The correlation between the total number of bacteria and the number of Gramnegatives was 0-98. The correlation between the individual number of macrophages and the Gramnegatives was 0 40 + 0-08 which was statistically significant. The correlation between the individual number of leucocytes and Gram-negatives was 0'52 ± 0 07 which was also significant. Table 1 and Fig. 1 show that exposure to extracts containing a low number of Gram-negative bacteria did not affect the number of leucocytes in the airways. At about 3-5 log number of bacteria per ml extract an increase was found. This became higher, the higher the number of bacteria in the extract. Fig. 1 also shows that certain preparations with about the same number of Gram-negatives caused a different leucocyte reaction in the airways. The Shwartzmann test was performed on certain such samples in cases in which the leucocyte response differed, but the bacteria content was about the same (bract 73-9 and 73-10, trash 1, and picker dust 1).
The results from the exposures to extracts from Exposure to extract from dry cotton caused a small increase in the average number of macrophages and leucocytes which was not statistically significant. In extracts from cotton which had been stored for three months a marked increase in the number of bacteria was found. This extract also caused a large * increase in the average number of macrophages and leucocytes in the airways (P < 0 001).
The results of the Shwartzmann reaction from the different selected cotton samples are shown in Table 3 .
For the two pairs of samples in which the bacterial count was about the same, the rank order of __ the size of the Shwartzmann reaction corresponded 7 to the one for the leucocyte counts, except for samples 73-9 and 73-10 in the second test in which ionse and no difference was found.
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The correlation between the titration values and the individual number of leucocytes was rxy = -0-46 ± 0 10 which is statistically significant.
The results from the treatment with acid or alkali are illustrated in Table 5 .
As can be seen exposure to an extract of bract 73-122 resulted in an increase in the average number of leucocytes (P < 0001). When the extract was boiled for 20 minutes a significantly larger amount of leucocytes appeared in the airways after exposure. After boiling at pH 3 or pH 11F7 the leucotactic effect disappeared. The same finding was present after exposure to Enterobacter before and after boiling for 30 minutes at pH 3.
Discussion
The experiments were performed using a water extract of the different dust samples. Results earlier published from our laboratories demonstrated that exposure to an aerosol of dry bract dust will cause similar reactions concerning the quantity of macrophages and leucocytes in the airways (Rylander and Snella, 1974) .
The effect criterion used in the present experiments was the increase in the number of leucocytes in the airways after an acute exposure. A similar response is found also in guinea-pigs kept in card-rooms (Hersh, 1973) . The leucocyte reaction has been shown to occur in different animal species and is found also among cotton workers (Merchant et al., 1975) . It thus seems relevant to regard it as an index of pulmonary toxicity.
The results from the experiments demonstrate that the acute leucocyte reaction after exposure to the different cotton dust extracts is related to the number of Gram-negative bacteria present in the preparation. Storage under conditions which could not be expected to influence the composition of any bale cotton constituents caused an increase in the toxicity of the extract when the number of Gramnegative bacteria increased.
For preparations in which discrepancies existed between the leucocyte response and the bacterial count, selective testing of pairs of dusts with equal number of Gram-negatives demonstrated that the rank order found between the size of the Shwartzmann reaction was generally the same as that found for the leucocyte response. The results from this test should be taken only as an indication of a certain trend as the Shwartzmann reaction is not suitable for a precise quantitative evaluation.
The Limulus test is regarded as more specific for endotoxins (Sullivan and Watson, 1974) . In order to avoid the influence of other constituents in the different extracts, the test was performed on the different bracts. The significant correlation between the titre in this assay and the number of leucocytes after exposure to the extracts provides strong support for the hypothesis that endotoxins constitute the causative agent. When bract extract or a suspension of Enterobacter aerogenes were subjected to treatment used to decrease the activity of endotoxins, the leucocyte response after exposure diminished or disappeared.
It is difficult to relate the exposure levels used in these experiments with the levels of endotoxin reported by Cavagna, Foa, and Vigliani (1969) which were found to produce byssinosis in cardrooms. An extrapolation of the present data indicates that the levels of endotoxin in the most active preparation tested would cause a leucocyte reaction in humans after exposure to dust levels of about 05 mg/m3. This calculation must, however, be verified by further experiments.
The relationship between bronchial symptoms among cotton workers and the bacterial contamination of the cotton dust was discussed by Tuffnell (1960a, b) . No symptoms were found in humans after an acute exposure to an aerosol of Aspergillus niger or Bacillus pumilus. This confirms previous findings (Rylander et al., 1975a) either through the action of these substances (Hook, Sinaganian, and Wahl, 1975) Antweiler. With lower doses other effects become more prominent. The effect on the leucocytes is considered to be the most sensitive of the detectable reactions after endotoxin exposure in humans (Wolff, 1973) .
As for the other arguments which Antweiler used against the endotoxin hypothesis, our results show that the leucocyte reaction is present after exposure to other parts of the cotton plant including unprocessed cotton fibres. Preliminary data show also that other organic dusts associated with pulmonary disease (hay, sawdust, soya bean dust, and bagasse) may contain endotoxins. The absence of a fever reaction after inhalation of cotton dust can be explained by the development of a pyrogenic tolerance to endotoxin (Wolff, 1973) . The amount of endotoxins in the preparations tested in the present experiments seems to be sufficient to provoke the leucocyte reaction at relatively low levels of exposure to the corresponding dust.
The results presented here and in previous publications suggest that the sequence for the acute reaction to cotton dust exposure is as illustrated in Fig. 2 . The various acute clinical effects after the activation of complement and histamine liberation should be looked upon only as examples of reactions that may occur independently of one another.
For the further development of the reaction model it is of interest to study the effects which occur after chronic exposure. Preliminary results reported earlier (Rylander and Snella, 1974) 
